The fact that oligosaccharides can act as signals in plants is now well established and has been recently reviewed [ 1, 2] . These molecules exhibit a common structure with larger macromolecules, from which they can be generated. Briefly, oligosaccharides which act as signals, termed 'oligosaccharins', transport the information related to the phenomenon responsible for their formation [2] . For instance, chitin and B-glucan oligosaccharides are both derived from the degradation of fungal cell walls. They can be generated by the action of corresponding plant cell-wall enzymes during plant-pathogen interactions. Fungal pectinases can also generate pectic fragments during degradation of the pectic matrix, the first plant cell-wall barrier. These three oligosaccharide species, with no common feature but their similar physiological origins, act as elicitors by awakening the plant-cell defense system. It has been shown that the concept of oligosaccharins can be extended from plant pathology to plant physiology [ 31. Oligogalacturonides are capable of influencing growth in addition to exercising their elicitation properties. Also, xyloglucan oligosaccharides exhibit various biological activities. These fragments can be generated by the hydrolysis of cell-wall xyloglucans, which occurs during cell-wall expansion. Their biological activities include anti-auxin activity and activation of cell-wall hydrolases. Thus, the current hypothesis considers xyloglucan oligosaccharides as growth-regulating factors.
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In this paper, we describe another class of native oligosaccharides which have been called 'unconjugated N-glycans' (UNGs), and discuss their potential importance in regulating plant processes as a new class of putative non-stress-related oligosaccharins.
Structure of plant N-glycans
Those UNGs that have been characterized exhibit the same structures as the N-linked glycans that ~ Abbreviations used: ConA, concanavalin A; LEA, tomato lectin; PNGase, peptide-N-acetylglucosaminyl-asparagine amidase; UNG, unconjugated N-glycan. §To whom correspondence should be addressed.
constitute the carbohydrate portion of Nglycoproteins. The ' N is based on the assumption that the oligosaccharides were originally attached to peptide moieties through an N-glycosidic bond. The prefix 'unconjugated insists on the fact that these N-glycans are not linked to any amino acid (glycopeptides) or proteins (glycoproteins). Plant Nglycans are classified as oligomannoside type or complex type.
Oligomannoside-type glycans ( Figure 1 ) are composed of N-acetylglucosaminyl and mannosyl residues. All contain an inner core structure of Mana l-6(Mana 1-3)Manp 1-4GlcNAcp 1-4ClcNAc (Man,GlcNAc2), which can appended with 2-6 mannosyl residues (Man5-vGlcNAc2). Oligomannoside-type UNGs have only one GlcNAc residue, probably because of their way of formation (see below). The UNG MansGlcNAc has been found in the extracellular medium of a plant-cell suspension of white campion [6] , as well as in the tomato fruit pericarp [7] . Tomato fruit also contains larger oligomannoside-type UNGs, with 1-3 additional mannosyl residues.
Complex-type glycans ( Figure 2 ) also contain mannosyl and N-acetylglucosaminyl residues, but other sugars are also found, including Gal, Xyl, Fuc, and additional GlcNAc. The inner core Man,GlcNAc, is usually constant, but the a l -3 mannosyl residue may be absent, as in pineapple bromelain [8] . Two complex-type UNGs, oligo C and oligo-3, were found in suspension cultures of white campion [8, 9] . Both had been previously described in Sophoru juponicu lectin [lo] and laccase glycan [ 111 moieties, respectively. Oligo-3 was later found in tomato fruit pericarp (termed WR2) [7] , together with two others, WR1 and NR5b (abbreviated according to their affinity for A-Sepharose: NR, not retained; WR, weakly retained). W R l exhibited the same structure as WR2, except for the absence of mannosyl and xylosyl residues. Such a structure had never been reported in the plant N-glycan literature. It was hypothesized that WR1 was likely to be a degradation product of mannosidase and xylosidase activities on WR2.
The study of tomato pericarp UNGs also led to the identification of a new N-glycan containing Native plant UNGs of the oligomannoside type
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Man,GlcNAc i Fucol arabinose (NKSb). Not only was the presence of arabinose unexpected, but its location on the C-2 of the /3-mannosyl residue was quite intriguing. This position is normally substituted by P-xylose in complex-type glycans. Indeed, xylosylation is a common step in the 'processing' of complex Nglycans. At least two explanations may be proposed: either arabinosyl-containing glycans are synthesized through an unknown pathway of N-glycoprotein formation; or arabinosylation is the result of postbiosynthesis modification, occurring after xylosyl removal. In a study on extracellular N-glycoprotein formation, Sturm [ 121 observed unusual composition features, including arabinose and rhamnose in addition to the 'usual' sugar residues observed in these fractions. €Ie proposed that these sugars may have been added during extracellular transport of glycoprotein(s). In the same report, the author emphasized the fact that terminal GlcNAccontaining glycoproteins (potential precursors of oligo-3, WRl and WK2) were a characteristic of secreted N-glycoproteins. It is thus likely that some UNGs occurred as a result of the degradation of secreted N-glycoproteins. Peptide-N-acetylglucosamin yl-asparagine amidase Peptide-N-acetylglucosaminyl-asparagine amidases (PNGases) hydrolyse the linkage between the sugar and the protein moiety. Two PNGases have been purified from plants, one from almond (PNGase-A, [16] ) and one from jack bean (PNGase-J; [14] ). PNGase-A is an amidase, i.e. it is able to release UNGs from the N-glycoside of asparagine. In contrast, PNGase-J requires the presence of 4-5 additional amino acid residues to be efficient. Efforts have been made to characterize PNGase activities in the UNG-producing suspension culture of white campion. PNGase activity increases with the culture cycle, as does the UNG pool in the medium [6] . When white campion UNGs were found, it was hypothesized that they could arise from carbon starvation. Indeed, our recent data indicate a positive correlation between sucrose starvation and occurrence of endoglycanase activities (S. Lhernuld, Y. Karamanos, R. Priem and H.
Morvan, unpublished work). In tomato fruit, we did notice an increase of the amount of UNGs in the total oligosaccharidic extract during maturation. As with the white campion cell suspension, this increase could be related to a parallel rise in endo-/?-N-acetylglucosaminidase and PNGase activities.
Biological activities and potential role in vivo
UNGs are capable of influencing both growth [ 171 and senescence [ 181. The UNG Man3XylGlcNAc,Fuc (also known as oligo C) stimulated at nanomolar range, both alone and synergistically with 2,4-dichlorophenoxyacetate acid, the elongation of flax hypocotyls. At higher concentrations, it suppressed the stimulatory effect of 2,4-D [17] . Later it was shown that this same UNG, as well as ManSGlcNAc, promoted the ripening of tomato fruit when applied at a concentration of 1 ng per gram fresh weight [ 181. Exogenous galactose was necessary at 40 p g g -' to achieve reproducible results. At higher UNG concentrations (10 ng g-'), a delay in ripening was observed. Recently, Yunovitz and Gross [ 191 reported results of a study of the UNG Man,GlcNAc on ripening of tomato pericarp discs. Unlike intact fruit, 1 ng g -' UNG was ineffective in promoting ripening; however, a galactose-dependent delay was still observed at the higher dose of 10 ng g-'. Resides, a promoting effect of auxin (100 pM) was also reported. Interestingly, this effect was found to be galactose-dependent (40 pg/g). These data show that there is a dose-related effect, i.e., different concentrations of the same UNG lead to opposite effects, and that the effects are emphasized by co-treatment with other regulators such as auxin and galactose. A dose-dependence effect is a characteristic of plant hormone factors. In the tomato-ripening bioassay, galactose was co-infiltrated. This choice was justified by previous research showing that galactose at 400 p g g-' promoted ripening [ZO] . In many reports, interactions between other plant regulators were observed. The relative equilibrium of different effectors may be a requirement for the biological activities that we observed. The results that we obtained for tomato fruit ripening are an excellent illustration of this postulate: the effect of auxin and ManSGlcNAc on ripening are both galactose-dependent. Free galactose concentration increases during ripening. Perhaps increases in auxin and/or UNG in the absence of those partners, and others (ethylene?) may be crucial in ripening control. In contrast, stress-related oligosaccharins, which are elicitors of plant-defence systems, do not seem to exhibit dependence on auxin or other regulators. This is understandable as elicitors are normally generated during the host-pathogen interaction. Their presence constitutes a threat to plant survival. Consequently, the cell should be able to react, inducing dramatic physiological changes depending on tissue specificity.
I
Candidates for cellular targets
Lectins are precious tools in biological research because of their ability to bind specific sugar epitopes. Lectin of Canavalia ensifrmis, better known as concanavalin A (ConA), is widely known for its ability to bind N-glycoconjugates. Indeed, we have used it to purify the UNGs in tomato pericarp [7] tissue. Yunovitz and Gross [ 191 investigated potential targets of UNGs in tomato fruit pericarp. They treated tomato fruit pericarp with Man,GlcNAc, together with tomato lectin (LEA) or ConA. LEA has a strong affinity for chito-oligosaccharides [21] . Inhibition of ripening, similar to that observed with ManSGlcNAc, was observed with both lectins. Surprisingly, the authors showed that the UNG and LEA effects were suppressing one another. One explanation could be that UNG and lectin co-associate preventing them from binding on their targets. However, although ConA is known to recognize oligomannosides, this is not the case with LEA. Indeed, Yunovitz and Gross [19] showed that Man,GlcNAc could not inhibit LEAinduced hemagglutination, as it could with ConA. From these data, the authors postulated that LEA and ManSGlcNAc may have a common unknown target, which could be a glycosylated receptor. Bass and Boller [22, 23] recently demonstrated the existence of a membrane receptor of the yeast glycopeptide Man, ,Asn-peptide. Could this receptor be the target of UNGs in tomato fruit ripening bioassays? This must be checked, but seems unlikely because amino acids were required for activity; a minimum of eight mannosyl residues were required for activity of the yeast glycopeptide, whereas Man,GlcNAc was active on tomato ripening in our bioassays. Furthermore, yeast glycopeptide elicits the defence system of tomato fruit, whereas lJNGs do not elicit ethylene production. Although we know stress is capable of promoting ripening (wounding, infection, etc.), the natural occurrence of UNGs in tomato fruit causes us to believe that they are involved in regulating ripening outside of the context of stress. On the other hand, it is possible that there is no receptor nor membrane carrier related to the bio-effects of UNG: lectin-sugar interactions exist in the plant cell wall, and it is possible that UNGs modify these interactions, leading to biological effects on enzyme mobility, cell-wall loosening, etc.
Conclusion
Studies of unconjugated N-glycans in plant physiology are only just beginning. The presence of biologically active UNGs in plant tissues has been demonstrated. They exhibit structural analogies with carbohydrate moieties of N-glycoproteins. This structural analogy suggests that they could originate from N-glycoprotein catabolism. The presence of endoglycanase activities in white campion cultures rich in UNGs supports this hypothesis.
Biological activities of UNGs has been reported both in growth and ripening bioassays. From these experiments, it appears that potential co-regulator compounds such as auxin or galactose are important for observing biological effects. Many questions remain, including: where are the UNGs and corresponding N-glycoconjugate precursors located, do UNGs only occur at particular physiological stages (senescence), are the UNGs acting at the location of their formation, or are they translocated to another part of the plant before activity, and what are their intercellular targets? Such investigations are currently in progress. In addition, other bioassays must be studied so that we might better appreciate and understand how important UNGs are in plant development and senescence.
